Background: The supine straight-leg raise (SLR) test has the potential to be exploited by malingering patients. The sitting SLR is believed to be less recognizable, therefore decreasing the chance of fabrication. The authors aim to compare the supine and sitting SLR test in patients with radiculopathy.
INTRODUCTION
Radiculopathy and low back pain are often indications of mechanical compression around the lumbar nerve roots, such as in the presence of a herniated disc (HNP). One criterion for determining the presence and location of this compression is to perform a straight-leg raise (SLR) test. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] An accurate, positive SLR test exists when the patient is supine and the angle of discomfort is between 30 and 708. 10 The SLR test is used in routine neurological evaluations to test for low back pain or radiculopathy, and a positive result in the presence of a compressive lesion, such as a HNP, may lead to surgery. [11] [12] [13] Anatomically, when the SLR is performed, the L5 and S1 nerve roots either move or passively deform approximately 2 to 6 mm at the level of the foramina. 10 Therefore, it is believed that this test is most useful in detecting lower lumber root irritations. Patients are believed to experience sciatic pain when the sciatic nerve is stretched during the sitting and supine SLR exam.
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The supine SLR test is thought to be more commonly recognized by patients versus the sitting SLR test. As such, those patients seeking disability or undergoing litigation for workman's compensation or a motor vehicle accident may imitate a positive supine SLR test for compensation purposes. In order to test whether or not the patient is falsifying a complaint, Waddell et al.
14 established 5 tests which have been assessed and confirmed by several studies. [15] [16] [17] [18] In one of their tests, the physician distracts the patient while performing both the sitting and supine version of the SLR test to see if the results are the same. 10, 14 This test was based on the premise that the results of either the sitting or the supine SLR test would be equivalent if the patient is not falsifying complaints.
We are not aware, however, of any prospective study that has validated this practice and determined if the sitting and supine SLR tests yield equivalent results. The purpose of this prospective study was to compare the supine and sitting SLR test in patients during routine neurological evaluations. We hypothesized that the results of the sitting SLR test would be equivalent to the supine SLR test and that patients would have a positive SLR test at similar angles during both examinations.
METHODS
The Institutional Review Board at our institution granted permission for this study. Participants enrolled in this SLR study were consecutive patients who presented to our spine clinic complaining of low back pain and/or radiculopathy. There were 110 participants enrolled in the study. One hundred seven patients had a positive clinical examination of radiculopathy; the other 3 had only back pain. The 3 patients with back pain without radiculopathy were excluded from this study as they did not fit the inclusion criteria during clinical examination.
Two groups were then created: patients with worker's compensation claims or litigation (Group 1, also referred to as the WC group) consisting of 25 patients and a control group of patients without involvement in litigation claims (Group 2, also referred as the non-WC group) comprising 82 patients. Patient's demographics are demonstrated in Table 1 .
Patients presented to the spine clinic with HNPs, radiculopathy, and spondylolisthesis. We were particularly interested in the diagnosis of HNPs (Table 1) . For each patient, documentation of whether or not patients were filing for workman's compensation or were involved in litigation over an injury was done by intake staff. Physicians were blinded to payment method. Patients were not asked about prior knowledge of SLR tests to minimize confirmation bias.
Assessment of Radiculopathy
All patients were blinded to the study outcome variables. To decrease variability, all SLR angles were measured using a transparent goniometer (Hanger Prosthetics & Orthotics, Houston, Texas) by the same physician.
The angles for the sitting SLR were performed and measured first on each patient in each leg before the supine measurements. Patients were not asked if they experienced any symptoms while performing the tests to avoid prompting new patient complaints. The sitting SLR tests were performed with the patient's legs hanging over the side of the examination table and hips and knees naturally flexed at 908. The patient's leg was then passively and gently lifted by the examining physician while observing that the patient did not tilt posteriorly to ensure the patient's back was upright until the patient complained of any pain. We made note of whether the pain was low back, buttock, and/or radicular pain. At the moment a complaint was made, we measured and recorded the angle between the patient's leg and a perpendicular line to the floor, as well as the location of the pain ( Figure 1 ). 8 We ensured that, during measurement, the patient's back was straight and the patient did not roll to the affected side. During the supine SLR tests, patients lay on their backs with their hips and knees flat on the table. Each leg was passively and gently raised and flexed at the hip by the same examining physician with his hand beneath the heel, while keeping the knee straight. When the patient complained of low back, buttock, and/or radicular pain down the legs, the angle of hip flexion as well as the location of the pain was recorded (Figure 2) . 3 This was also confirmed clinically by the examiner flexing the knee at this angle to check for relief or if the patient still complained of pain. 19 Patients with negative SLR tests in both sitting and supine positions (3 patients) and those patients who had previous hip or spine contractures (15 patients not enrolled) were excluded from the study. Patients with sciatic complaints referable to nerve roots from L4 to S1 were included. A negative SLR was recorded with any angle measured as 758.
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Statistical Analysis
Correlation analysis using linear regression was performed to determine if mean angles of all patients with positive sciatica in the sitting position demonstrated any association with mean angles in the supine position. Further testing to determine if mean angles were equivalent using t tests was then performed. Intergroup comparison was then performed for age and gender using t tests and v 2 , respectively, to determine baseline characteristics as nonconfounding variables. Tests were considered significant if P values were less than .05. A power analysis was performed based on equivalence to determine adequate sample size. To achieve a power of 0.8 and error rate of 5%, a minimum sample size of 72 was required.
20,21
RESULTS
There were a total of 107 patients with radiculopathy with an overall age of 47.3 6 1.3 years with 51% female population. The mean 6 standard error of the mean age of male participants was 43.8 6 1.9 years and of female participants was 50.7 6 1.8 years.
Correlation analysis demonstrated association between mean angles in the sitting and supine positions, r ¼ 0.248 with significance P ¼ .01. Equivalence was demonstrated between the mean angles in the sitting position of 37 6 38 compared to 35 6 28 in the supine position ( Figure 3 ), P ¼ .549 shown in Table 2 . Comparison was then performed between Group 1 (the WC group) and Group 2 (non-WC). The mean age in the WC group was 46 6 2 years, and 48 6 2 years in the non-WC group, which was not significantly different, P ¼ .330 (Table 3 ). The gender distribution in the WC group was 40% female and 60% male, while in the non-WC group, it was 54% female and 46% male. The gender distributions proved not to be statistically significant, P ¼ .254 shown in Table 3 . These 2 variables proved that both groups had similar baseline characteristics, which allowed for their comparison without the confounders of age or gender. Overall mean angle (Table 2) in Group 1 in the sitting position was 40 6 78 compared to Group 2, which was 35 6 38, P ¼ .616. In the supine position, Group 1 angles were 34 6 58 compared to 35 6 28 in Group 2, P ¼ .49. Results demonstrated no statistical significance between angles in both groups in sitting or supine positions. Equivalence was then tested in each group between the sitting and supine positions (Figure 3 ). Group 1 mean sitting angle was 40 6 78 compared to 34 6 58 in the supine position, P ¼ .432. In Group 2, mean sitting angle was 35 6 38 compared to 35 6 28 in the supine position, P ¼ .54 shown in Table 2 .
Effects of Diagnoses
We were especially interested in comparing the 98 (92%) patients who were diagnosed with HNPs (Figure 4 ) because the SLR test is thought to be particularly helpful in making this diagnosis. Nineteen patients from Group 1 were noted to have HNPs and 79 from Group 2; Z score was 0.61 with P ¼ .271, which demonstrated no significance between the mean scores in each group. The mean angles in Group 1 were 41 6 78 in the sitting position and 30 6 48 in the supine position compared to Group 2 angles of 36 6 48 in the sitting position and 36 6 38 in the supine position, P ¼ .284 and P ¼ .702, respectively. Intragroup equivalence testing also demonstrates no significance between sitting and supine angles in the HNP WC group and the HNP non-WC group, P ¼ .08 and P ¼ .93, respectively. Results are demonstrated in Table 2 .
DISCUSSION
The SLR test has been accepted as the most consistent test for applying tension to the nerve root, eliciting a physical sign that is used to aid in the diagnosis of low back pain and radiculopathy. [22] [23] [24] The ease and reproducibility of performing the SLR test by physicians has therefore shown its merits. Studies have confirmed that the SLR test is reproducible during unilateral and bilateral maneuvers.
25-27 A study by Hunt et al., 28 however, has shown the SLR and lumbar ranges of motion tests have not been reliable. Their study has some discrepancies in that measurements were performed by multiple examiners on separate days, and the test subjects were volunteers without pathology. Our study aimed to reduce these confounding factors using 1 examiner and not prompting patients with pathology, increasing the reliability of measurements recorded. Patients were blinded to the difference of each test and its clinical significance. 
Discussion of Results
The purpose of this prospective study was to compare the supine and sitting SLR test in patients during routine neurological evaluations. Initial testing demonstrates that the sitting and supine SLR are associated based on significance testing. The low correlation coefficient is due to wide distribution around a fitted line plot. Based on our hypothesis, we have demonstrated that the angle at which patients complained of positive radiculopathy showed no significant difference between the supine and sitting SLR examinations. We have also proven the equivalence in the SLR test in both the supine and sitting positions, P ¼ .549. This has demonstrated that patients who have positive radiculopathy should have similar angles in each test, thus reducing the possibility of patients falsifying clinical examinations. When we compared our WC patients and non-WC patients, the angles at which patients complained of a positive test showed no significance between the groups. Likewise, the vast majority of our patients (92%) who presented with HNPs showed no significant difference in the sitting and supine positions.
Strengths
The authors report no conflicts of interest and observer bias limited by physicians and patients blinded to payment method and outcomes, respectively. This study assesses clinically the sitting and supine SLR as it relates to equivalence and patients who present with radiculopathy to a spine clinic. The study had an adequate sample population based on power analysis which was assessed by an independent statistician. In measuring the SLR, each patient was not prompted, and all angles were measured by the same physician to reduce examiner difference.
Limitations and Weakness
Limitations of this study include a single center review for patients who presented with back pain. The authors note a weakness in that the cohort groups were not equal; however, being a prospective study, the selection of patients was not predetermined. A larger power (N) was noted in the non-WC group, both in all diagnoses and the HNP subset. However, no intergroup or intragroup significance was demonstrated. Looking at the diagnosis of HNP and WC, the mean difference of 118, although not statistically significant, warrants further study as this may be clinically significant.
CONCLUSION
Our results demonstrate that the sitting and supine SLR tests are equivalent examinations. The majority of our patients experiencing a positive supine SLR also recorded a positive sitting SLR. In cases with both positive supine and sitting SLR tests, the majority of our patients experienced pain at similar angles when sitting and supine.
